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Abstract: 
 
Removal of a bicycle cassette requires additional tools to hold the cassette in place while 
loosening the cassette lockring. Typically a tool called a chain whip is used to stabilize the 
cassette, but is difficult to quickly and correctly apply to the cassette. Due to the need for an 
additional tool to hold the cassette, the user is faced with utilizing both hands while still needing 
to somehow hold the wheel in place. The lockring is torqued relatively tight and the overall 
combination of force, ergonomics, and number of tools required makes the task difficult to 
perform quickly. The objective was to create a device that simultaneously holds the cassette in 
place while also loosening the lockring thus eliminating the need for a chain whip. This device 
also utilizes a gear set to reduce user imputed toque. By using the cassette’s mechanical function 
of non-clockwise free rotation in relation to the wheel itself, a stable motionless platform is 
created to apply a moment in clockwise direction while a torque multiplying gear set converts 
the clockwise rotation to counter clockwise rotation which loosens the lockring. User applied 
torque is reduced by 50% compared to traditional methods. The device also increases the 
ergonomics of the task and improves overall task completion time by 33%. Eliminating the use 
of a separate cassette holding tool improves simplicity of the task. 
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1: Introduction 
 
Description 
 
On a multi speed bicycle a component called a cassette is located on the drive side of the rear 
wheel. This component is an assortment of usually 7 to 11 different sized sprockets that are part 
of the drivetrain of the bicycle. The drive chain can be indexed onto any single one of the 
sprockets to achieve different gear ratios as desired by the rider. 
There are two issues with the process of removing a cassette from a bicycle rear wheel. First 
issue, it takes considerable force to loosen the cassette lock ring. Second, tools that require the 
use of both hands are needed during loosening of the cassette lock ring.  
 
Motivation 
 
The ergonomic challenges that bike mechanics and at home DIY bike enthusiasts face while 
trying to remove a cassette from a rear bike wheel give motivation for development of a new set 
of processes and tools. 
One of the tools that is particularly difficult to use in the current method is called a chain whip. A 
chain whip is lever arm that has two pieces of a bicycle chain attached to one end. A short 
section of chain about three links long has both ends fixed to one side of the lever arm. The 
second piece of chain is about 10 links long and one end is attached at the same end of the lever 
arm as the shorter piece of chain. To use the chain whip, the user will set the short section of 
chain on a sprocket in the cassette, preferably in the middle of the cassette. The chain will need 
to be lined up so the cogs will engage the chain just as the drive chain would normally. It is 
important for initial placement to be on the left side of the cassette if it is facing the user. The 
long piece of chain will then be wrapped around the same sprocket in the counter clockwise 
direction. At this point a lock ring tool attached to a ratchet or breaker bar would be set into the 
lock ring and then be loosened in the counter clockwise direction. 
The need to use a chain whip to secure the cassette during the task is a source of awkward body 
positioning and numerous possibilities of poor tool placement. This also leads to an increased 
amount of energy needed to break the locking loose due to common sub optimal positioning of 
the tools being used. All of these issues contribute to more time needed to complete the task as 
well. 
 
 
Function Statement 
 
A device that will allow single handed removal of a bicycle cassette. 
 
Requirements 
 
• Loosen lock ring that is torqued to 30 ft lb 
• Reduce user torque impute by 50% (15 ft lb) 
• Smaller than 6”x3”x2” in size 
• Compatible with 3/8” drive tools 
• Compatible with Shimano style cassette lock rings 
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• Can hang on a tool board in a shop or garage setting 
• Takes less than 6 seconds to grab tool and perform the task. 
 
Success Criteria 
 
The project is deemed successful if these criteria are met: 
• Reduces user input force by 50% 
• Loosens lock ring torqued to 30 ft lb 
• Task is performed faster than with other tools and methods 
• Testers feel the tool is equal to or superior overall compared to other tools and methods 
 
Scope 
 
The design focus is on the device and not the actual tools that are used in conjunction with the 
device. These tools are the ratchet wrench or breaker bar and the tool that interfaces directly with 
the cassette lock ring.  
The project is not dealing with automatic tools such as pneumatic and electric motors. This is to 
focus on keeping the size down along with overall weight. It is typical for tools in a bike shop to 
be hung on a tool board against a wall and one goal is having the ability to hang the tool on a 
wall or tool board. 
 
 
 
2: Design & Analysis 
Preventing the counter clockwise rotation of the cassette is the main challenge when removing 
the lock ring. The cassette will freely spin only in the counter clockwise direction and will not 
rotate unless the entire wheel rotates in the clockwise direction. The idea for the device relies on 
applying a moment in clockwise rotation so the cassette does not rotate while a gear set converts 
that clockwise rotation into counter clockwise rotation to loosen the lock ring. The gear set can 
also provide a higher gear ratio to decrease the force required to loosen the lock ring. 
 
Early Device Sketch 
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A drawing in Appendix B1.1 shows what will essentially be the frame of the device. It is the 
Bearing Carrier and will be two halves that bolt together to contain the gear set and bearings. 
 
RADD 
Requirement – Device must reduce user torque input by 50% 
Analysis – A standard bicycle cassette lock ring is torqued to 30 ft.lb. A 50% reduction of this 
torque is equal to 15 ft.lb. The ratio between the two torque values is 2:1 
Design – A 32 tooth gear and 16 tooth pinion gear were selected for the application. This 
produces the exact same 2:1 ratio required through the calculations. 
Documentation – Calculations for the analysis are located in Appendix A1.1 
 
Requirement – 1566 carbon steel gear shaft with a key seat must withstand a torque of 30 ft.lb.  
Analysis – Finding the minimum diameter of the shaft for this scenario will provide a 
benchmark of the smallest size to be used in the design. The material yield strength is 75000 psi 
but this value is reduced due to the shear stress experienced during torsion. This value is then 
further reduced due to the stress concentration of the key seat. The allowable shear stress factor 
applied to the yield strength is 0.577 due to the distortion energy theory. This shear stress is then 
reduced by 25% to accommodate for the key seat according to the “Machinery’s Handbook 30th 
ed”. In the end the design stress is now 43275 psi from the original 75000 psi. Using the equation 
for Diameter of a solid circular shaft required to transmit a given torque 𝐷𝐷 = �(5.1𝑇𝑇3 /𝑆𝑆𝑆𝑆) the 
minimum diameter can now be calculated. 
Design – The calculations revealed the benchmark for the smallest shaft diameter to support the 
30 ft.lb. torque was 0.384in. The smallest diameter on the gear shaft for the design is 0.480in 
which is 25% over the benchmark. 
Documentation – Full calculations for the analysis can be found in Appendix A1.4. 
 
Requirement - 3 pins of a fixed size must be made of a material that can sustain a direct shear 
force 
Analysis - The area of the pin is 0.078in2 and the total force spread between the 3 pins is 
calculated to be 406.32lb. Solving for the shear stress divided by the 3 pins is 1736.41psi/pin. 
Design - From the analysis calculations it was determined a material with a shear strength 
greater than 1736psi would be suitable for the application. 1020 steel was selected with a shear 
strength of 30480psi which produces a safety factor of over 17. This is more than necessary but 
the material is readily available and has good manufacturability. 
Documentation - The full break down of the calculations can be found in Appendix A1.7 
 
Further Analysis of Device 
 
Axial Force (Thrust Load) 
Helical gears produce an axial force which requires some type of bearing, shoulder, or other 
means of supporting this force. In Appendix A1.2 an analysis is performed to determine the axial 
force produced by the gear set selected for the device. These thrust loads can then be used to 
determine what kind of thrust bearings are suitable for the application. 
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Radial Load 
When under load, a gear set will produce a radial force that acts perpendicular to the axis of 
rotation and opposite of the other gear. Appendix A1.3 provides the calculations for this force. 
 
Minimum Key Length 
One key per gear is used to fix the gears to the shafts and transmit the torque. The key way built 
into the gears being used is 0.500 inches in length and a key the entire length of the key way is 
utilized. Calculations determining the safety factor of this design are shown in Appendix A1.5. 
 
Shaft Key Seat Depth 
Key seats are machined into the gear shafts and the optimal depth of the key seat needed to be 
determined. In Appendix A1.6 the calculations for these key seats are shown. 
 
Gear and Pinion Shaft Stress and Deflection 
The radial force produced by the gear set subjects the gear shafts to stresses and deflections 
similar to that of a loaded beam. Appendix A1.8 shows the calculations of the stress and 
deflection experienced by the gear shafts due to the radial loads. 
 
Moment Created During Device Use 
The device will require a lever arm to help the user produce the initial torque input to the pinon 
shaft. Due to the device having an overall thickness greater than a traditional wrench and lock 
ring tool setup (example shown in Image A.1), the applied force by the user is great enough that 
a moment is generated  that causes a tendency for the device to rotate perpendicular to the 
rotating axis of the lock ring. This moment does have an effect on the stability of the device 
when engaged into the cassette and lock ring. A similar scenario is when a ratchet with a long 
extension, say 5 inches or greater is used to loosen or tighten a bolt. Without any support of the 
tool close to the bolt, the socket will try to “cam off” of the bolt head. Appendix A1.9 provides 
calculations representing this possible unstable scenario when using the device. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Standard Wrench 
Standard Lock Ring Tool 
Image A1 
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Cog Holding Plate Locating Bolts Shear Stress 
A plate holds the pins that contact and grip the 11 tooth cog that ultimately holds the cassette in 
place. This plate can slide up and down the rotating axis of the gear shaft via shoulder bolts. 
These bolts must withstand the force of the tool wanting to rotate when the lock ring is being 
loosened. Appendix A1.10 provides the calculations for the shear stress that one bolt would 
experience if it was the only bolt preventing the rotation. 
 
Potential Lever Arm Deflection 
The current modeled and design of the device does not utilize a built in lever arm. However, if 
the need arises for the integrated lever Appendix A1.11 shows calculations predicting the 
deflection of a possible lever arm design that would utilize any leftover materials. 
 
Shear Stress on Assembly Plate Screws 
The screws that hold down the assembly fixing plates are subjected to shear forces produced by 
the helical gear set’s thrusts loads. Appendix A1.12 presents the calculations of the shear stress 
in direct shear that one of the screws is subjected too and makes any future changes to screw 
material simpler by establishing the magnitude of the stress experienced. 
 
3: Methods & Construction 
Other than the initial vision of this project, the analysis and design was carried out at the CWU 
campus. The device is a collaboration of pre-manufactured components and parts machined on 
the CWU campus. Pre-manufactured parts were purchased from various vendors and were 
typically of complex geometries or assemblies. A list of the parts can be found in Appendix 
C1.1. Parts made on the CWU campus were made from raw materials or modifications of 
previously existing components. 
 
Manufacturing 
Manual machining on a lathe and mill along with CNC machining were used to produce 
essentially all of the parts that were not purchased. Below are images and videos of some of 
these parts during and after manufacturing. 
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Top Bearing Carrier 
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Cog Holding Plate 
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Gear Shaft 
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Manufacturing Issues/Modifications 
During manufacturing, multiple issues were discovered and presented their own challenges. The 
first issue to arise was holding of the different work pieces in the lathe. All of the cylindrical 
parts in the device are rather small and do not leave much room for secure and accurate clamping 
of the work piece as well as room for the machine tool. Improved process and procedures help 
alleviate this issue by leaving the material stock full size and machining the part completely then 
cutting it off the stock material. This provided lots of stock material for work holding and would 
leave plenty of material accessible for machining. Image 3.1 displays the improved work holding 
setup. 
 
 
Image 3.1 
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Another issue was the change in material hardness of the modified cassette tool after it had been 
welded to the gear shaft. The material became very hard and the turning tools had much 
difficulty when machining light cuts. The tool tip would simply break or chatter against the 
material and create uneven rough looking cuts. Unfortunately there was no way to fix the 
hardness problem in a timely fashion so the rough finish would remain but it has no effect on the 
overall function of the device. During the welding process, there was a slight overlap of weld 
splatter that effected the key seat machined into the shaft. Once again, this is something that 
should have been done last instead of earlier in the manufacturing process 
 
Assembly 
The main parts purchased from suppliers are the two helical gears, thrust bearing assemblies, 
open ball bearing assemblies, keys, and external retaining rings. Components that are made on 
campus are the two gear shafts, top and bottom bearing carrier plates, cog holding plate 
assembly, and modifications to a previously existing cassette locking tool. Manufacturing will be 
completed in a specific order. First, the bearing carrier plates will be machined and the open ball 
bearings will be press fit into their respective holes on the plate. Second, the gear shafts will be 
turned and milled to achieve the appropriate features. Third, the thrust bearings, helical gears, 
bearing carrier, and gear shafts will be assembled together and secured by external retaining 
rings. A visual tree diagram of the main assemblies can be seen in the beginning of Appendix B. 
 
Tolerances for the press fit application of the bearings in the top and bottom bearing carriers was 
certainly a learning experience. The relative light load demands and almost non-existent speeds 
during the use of the device made it clear that even with matching diameters, the bearings and 
bores for the bearings would have been a plenty tight fit. Instead, the bearing carriers were 
machined to be 0.001” undersize of the bearing outer diameter. This made installation of the 
bearings more difficult than originally thought. Even with heating of the bearing carrier and 
cooling the bearings, the fit was still rather tight and would make any future removal of the 
bearings difficult. 
 
When final assembly of the device was done it was apparent that the spacing between the bearing 
carriers was slightly smaller than what was needed to fit the shaft assemblies set of thrust 
washers, bearings, and the gear all in-between the two bearing carriers. Luckily the thrust washer 
assemblies each use two washers that are only 0.032” thick each. Removing one washer from 
one thrust assembly per shaft remedied the clearance issue. 
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Assembled Device 
 
 
Assembled Device (no fixing plates) 
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Device Sub-Assemblies Layout 
 
 
Engineering Disciplines/Relevant Equations 
Engineering discipline areas of interest for the project include statics, strength of materials, and 
machine design in general. Equations used multiple times for the design and analysis are Direct 
Shear 𝜏𝜏 = 𝐹𝐹
𝐴𝐴
 , Torque 𝑇𝑇 = 𝐹𝐹𝑑𝑑, and Diameter of Shaft for Given Torque 𝐷𝐷 = �(5.1𝑇𝑇3 /𝑆𝑆𝑆𝑆). These 
and other related equations were used to help optimize design parameters of several components 
of the device including bolt sizes, minimum shaft diameters, and appropriate gear ratios. 
 
 
Device Operation 
Operation of the cassette lock ring tool device requires completion of a short sequence of tasks. 
First, the cassette lock ring socket needs to be placed into the cassette lock ring while keeping the 
cog holding plate and its pins from touching the cassette. Second, index the cog holding plate’s 3 
pins in-between teeth on the 11 tooth cassette cog (the first and smallest cog on the cassette). The 
cog holding plate can side up and down in relation to the bottom of the device body along with 
rotating the body of the device to help align the pins. It is essential that the cassette lock ring 
socket and cog holding plate pins are both nested into their respective positions before 
proceeding to the next step. With one hand hold and stabilize the outer diameter of the wheel and 
Bottom bearing 
Carrier Assembly 
Top Bearing 
Carrier Assembly 
Gear Shaft 
Assembly 
Pinion Shaft 
Assembly 
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with the other hand use a 16mm socket on a breaker bar or ratchet wrench to turn the pinion shaft 
on the top side of the tool in a clockwise direction. The device body which is now fixed in place 
to the cassette should not move due to the cassettes inability to rotate clockwise in relation to the 
rest of the wheel being stationary. It is at this time that the clockwise rotation of the pinon shaft 
will rotate the gear shaft in the counter clockwise direction. The cassette lock ring socket is fixed 
to the end of the gear shaft and will loosen the cassette lock ring. 
 
Benchmark Comparison 
This device is unique in its approach to performing its task compared to all other traditional 
methods. There is also no available ratings or previously quantified performances associated to 
other procedures. The amount of force to loosen the cassette lock ring disregarding lever length 
is the main aspect that can be improved and benchmarked against other methods without post 
design testing for comparison. For these reasons the focus of the design was based on not only 
reducing user effort but also improving the ergonomics of the task and overall time to complete 
the task. 
 
Performance Predictions 
- The force that the user will have to input to loosen the lock ring is estimated to be 50% of what 
is currently the standard. 
- The time to perform the entire task of loosening and removing the cassette lock ring cannot be 
accurately calculated but based on the device design it is estimated that the task will take at the 
worst 100% the time as other methods and could potentially be far faster based on user 
familiarity with other methods. 
- The ergonomic performance of the device again cannot be calculated before testing but it is 
highly possible considering the issues and difficulties associated with traditional tools and 
methods that the device will receive high remarks from testers of its ease of use. 
 
 
4: Testing Method 
Testing: 
Testing of the device was carried out at the CWU campus. Due to the size and basic 
requirements of the device, no complicated equipment was necessary to complete testing. 
 
Test Plan: 
The particular parameters of interest are the function of the tool when being used. This is mostly 
focusing on the ability for the tool to loosen the torqued lockring, reducing the user impute 
torque, and how fast can the tool perform the task. Predictable outcomes of the tools 
performance are the reduction in torque input, relatively time to perform task, and the overall 
ability to even loosen the lockring. Data was acquired throughout testing in order to evaluate the 
final performance of the tool and compare to the requirements established at the beginning of the 
project. 
 
The approach to testing of the tool was to evaluate the most important aspects that the tool was 
designed to accomplish. These aspects are based around functionality of the tool and less on the 
weight or storage conveniences like mentioned in the requirements. Resources needed for proper 
evaluation were measurement tools like a torque wrench, stop watch, basic hand tools ranging 
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from wrenches to specific bike tools, location for testing, and most importantly human testers to 
use the tool in real world applications. Data was collected for all testing for further analysis. 
 
Torque Reduction of Device: 
The first test was an evaluation of the effectiveness of the gear set used in the tool. An overview 
of the test procedure is as follows: 
-Using a rear bicycle wheel with a cassette mounted, torque cassette lockring to 30 ft-lb  using a 
torque wrench 
-Using the traditional cassette removal tools and a torque wrench with a reversible 
 ratcheting function, loosen the lockring using the torque wrench instead of a 
 standard wrench. 
-Set the torque wrench to 29 ft-lb and attempt to loosen the lockring increasing the torque setting 
by 1/2 ft-lb increments until the lockring breaks loose. 
-Perform the test 3 times and record the values for each test. 
-Now using the device, perform the same procedure recording the torque value for each  test 
that the lockring loosens at. 
 
The precision of this test is limited to the precision of the torque wrench being used. Performing 
multiple tests helps establish better data. With the data an average torque value can be computed 
from each set of trials for both the traditional lockring removal tools and the device. 
The parameter value of this test was the torque. Calculated values were the average torque per 
method and the percentage difference between the two. Success criteria values were deemed by 
being within 5% of the benchmark value. In conclusion of the tests, the results show that the 
device is well within 5% of the benchmark value of 15 ft-lb or 50% of the torque that the 
lockring was initially torqued to. The device required an average of 15.16 ft-lb of torque to 
remove the lockring which is within 1% of 15 ft-lb benchmark. 
 
Comparison of Device to Traditional Methods: 
This test will be used to evaluate the effectiveness of the device against the traditional method of 
cassette lock ring removal in a regular bicycle shop setting. The task is to remove the lockring on 
a bicycle cassette. Time to perform the task will be recorded for each method with multiple trials 
to establish consistent results. A detailed procedure for the test can be found in Appendix E. 
Results of the test show that out of 3 testers all 3 had a faster time for lockring removal using the 
device vs. the traditional method. As a group average the device improved there times by 29.3%. 
 
 
 
 
5: Budget/Schedule/Project Management 
 
This project has a number of risks as would any project of this nature. Costs, budget, schedule, 
and project management are the main aspects of this risk analysis. 
 
 
Cost and Budget: 
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Located in Appendix C1.1 is two tables of the following: lists of parts, costs, and distributors 
along with an overall budget for the project. The first table is of the originally predicted values 
and the second able is the actual values that the finished project produced. 
 
Other costs not associated directly with the parts are labor costs. In this scenario the work done 
on the project primarily only cost the individual manufacturing the parts their own personal time 
as none of the work will be contracted to other manufactures. For the purpose of analysis, a labor 
rate will be associated with the time spent producing and assembling the project. The labor rate 
will initially be set at 50 dollars per hour assuming that the principle project engineer is also the 
machinists and has only moderate skills and speed in machining when compared to a 
professional machinists. 
The total cost of the project was estimated to be $218.03 before labor and around $2,518.03 after 
labor is included. Again, the labor costs is a theoretical value that won’t actually be part of the 
net costs at project end. Generous time was allowed for the manufacturing tasks in an attempt to 
overestimate manufacturing costs to avoid going over budget. 
The completed project total parts cost ended up coming $45.04 under budget. This was 
accomplished mostly by sourcing small parts in just the quantities needed from different vendors 
than first planned. For example, the 0.5” OD external snap ring would have cost $9.37 for a 
minimum order quantity of 100 units through McMaster-Carr. Considering the project only 
required the use of 2 of these snap rings, the online ordering convenience was not worth the extra 
cost. Ordering through the local Fastenal only cost $0.40 for the two snap rings instead. Other 
savings were simply by chance that when at time of ordering, the parts or material were slightly 
cheaper in some cases. 
 
Schedule: 
Scheduling is based on the time frame of one academic year. This defines the time frame that the 
project device must be 100% completed by. The year is further broken down into millstones that 
help set measurable goals for the overall completion of the project. These milestones are 
separated into three main categories. First, is the completion of the project proposal by the end of 
fall quarter. This will include the majority of planning, design, and other associated details that 
will be required to even build the device. The second millstone is the completion of 
manufacturing and assembly of the device by the end of winter quarter. How well this portion of 
the project goes will be the deciding factor in how successful the previous quarter was. Lastly, 
during the spring quarter all testing will be performed on the device to measure how well it 
meets the initial requirements set during the project initiation. The Schedule can be seen in 
Appendix D. 
As of march 2018 the project proposal and device manufacturing is completed. The proposal 
took 54 hours to compile and was completed on schedule by the first milestone. The device 
manufacturing and assembly took 47.9 hours during the second milestone segment and was also 
completed on schedule. Entire project hours totaled to be 143 after completed testing and final 
report deliverables achieved. This is 20 hours less than the estimated completion time of the 
project. 
 
 
 
Project Management: 
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This project will have success with the availability and use of experts to provide guidance when 
issues arise and any complications are met. 
Project Management: 
This project will have success with the availability and use of experts to provide guidance when 
issues arise and any complications are met. 
Following closely to the schedule to meet deadlines will be essential as well to maintain progress 
of the project. 
 
6: Discussion 
During the design phase of the project there were many changes to the ideas and realistic 
requirements of the device. The basic function of the device remained unchanged but it was the 
way it would perform the intended task that had multiple alterations. The first area of 
modification was the type of gears that were planned to be used. Spur gears were the first gears 
to be used but the size requirements of the gears to handle the subjected loads were much too 
big. These spur gears had a protruding hub that brought the widths to 1.25 inches wide for a 24 
tooth 16 pitch high load metal gear. The overall height of the tool above the top of the cassette is 
important to reduce the moment created by the user when applying a torque to the input shaft. 
Helical gears were then chosen because of their high load capabilities and the relative small size 
of the suitable gears being only 0.50 inches wide. Draw backs of the helical gear choice were the 
axial thrust force created and the generally higher costs. Thrust washers were a simple solution to 
the thrust forces and they would also aid in locating the gears in position while taking up little 
space. 
One of the requirements for the device was to weigh under 3 pounds. Quickly this was appearing 
to be very easy to achieve and it was decided to drop the weight requirement for the first attempt 
of the project as it was not factoring into the decisions of the design. If time allowed for further 
significant design changes, using bushings in place of bearings would save considerable weight 
and make the device smaller in size as well. 
Being able to hold the cassette in place proved to take the most thought and changes in design. 
At first, there would be an arm with pins that pivots towards the cassette contacting one of the 
cogs and the pins would interface with the teeth of the cog to hold it in place. This idea presented 
many problems with accurately getting the arm to contact the intended cog every time along with 
the forces experienced by the pivot point of the arm. A set of 2 sliding pins that drop in between 
teeth of one of the cogs seemed a liable option that would have higher strength compared to the 
arm. This did not work due to not all cassettes having the same sized cogs throughout its gear 
range. For instance, if the pins were designed to interface with a 17 tooth cog on a cassette, it 
would only work on cassettes with a 17 tooth cog somewhere in its gear spread. This would 
render the tool useless on many cassettes. Finally, a design was engineered that utilized the 11 
tooth cog on the cassette which is an extremely common size and is also the first cog on top of 
the entire gear cluster. This set up uses 3 pins that are concentric with the centerline of the gear 
shaft and are attached to a plate that slides up and down in relation to the device. When the lock 
ring tool is engaged in the cassette lock ring, the plate can be lowered so the 3 pins will interface 
in between their own set of teeth on the 11 tooth cog. This design fits the most cassette 
applications along with providing lots of possible configurations to sustain the applied loads. 
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7: Conclusion 
Loosening a cassette lock ring is a common task in bike shops and home garages around the 
world. The available tools and methods of performing this task present several problems worthy 
of engineering design and analysis. A device has been imagined, analyzed, and engineered to 
accomplish and satisfy the requirements presented to improve upon the current practices in the 
task. 
The important analysis that contributed largely to the device success are gear ratio, minimum 
shaft diameter, and moment created during tool use. These aspects of the design greatly affect 
the usability and the effort requirements during tool use which are the key aspects of interest 
when working with hand tools. 
This senior project meets all requirements for a successful senior project based on: 
• Having sufficient amount of engineering merit in strength of materials, Statics, and Machine 
Design. 
• The costs and overall size of the project are well within the realm of the available resources. 
• The design is feasible by a manufacturing standpoint. 
• It is directly related to the principal investigators interests and has a useful application. 
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The device constructed performed well in regards to the requirements stated initially in the 
beginning of the project. A summary of these requirements are: 
 
 
 
•  Loosen lock ring that is torqued to 30 ft lb 
o Passed 
 
• Reduce user torque impute by 50% (15 ft lb) 
o Passed 
 
• Smaller than 6”x3”x2” in size 
o Passed (3.5"x3"x3") 
 
• Compatible with 3/8” drive tools 
o Passed 
 
• Compatible with Shimano style cassette lock rings 
o Passed 
 
• Can hang on a tool board in a shop or garage setting 
o Failed (No Mounting Point) 
 
• Takes less than 6 seconds to grab tool and perform the task. 
o Failed (Best Time Was 8 Seconds) 
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9: Appendix A 
 
A1.1 - Gear Ratio Calculation 
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A1.2 – Axial Load Calculation 
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A1.3 – Radial Force 
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A1.4 - Minimum Shaft Diameter 
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A1.5 - Minimum Key Length 
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A1.6 - Key Seat Depth 
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A1.7 - Cog Holding Pin Stress 
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A1.8 – Gear and Pinon Shaft Stress and Deflection 
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A1.9 – Moment Created During Device Use 
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A1.10 – Cog Holding Plate Locating Bolts Shear Stress 
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A1.11 – Potential Lever Arm Deflection 
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A1.12 – Shear Stress on Assembly Plate Screws 
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10: Appendix B 
 
Drawings 
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B1.1 – Top Bearing Carrier 
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B1.2 – Gear Shaft V-2 
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B1.3 - Pinon Shaft V2 
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B1.4 Bearing Carrier Fixing Plate 
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B1.5 – Bottom Bearing Carrier 
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B1.6 – Cassette Tool Modified 
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B1.7 – Cog Holding Plate 
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B1.8 – Pin for 11 Tooth Sprocket Holder 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 43 
B1.9 – Cassette Lock Ring Removal Tool Assembly 
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B1.10 – Exploded Assembly Drawing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
11: Appendix C 
 
C1.1 – Project Budget/Parts List 
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Project Schedule 
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13: Appendix E 
Testing Data 
 
 
 
Comparison of Device to Traditional Methods 
Overview 
This test will be used to evaluate the effectiveness of the device against the traditional method of 
cassette lock ring removal in a regular bicycle shop setting. The task is to remove the lockring on 
a bicycle cassette. Time to perform the task will be recorded for each method with multiple trials 
to establish consistent results. 
Time, Duration 
The test is to take 5-10 minutes per tester and around 30 minutes to complete testing with every 
tester if 3 testers are used. 
Location 
The tests will be performed at The Recycle Shop bicycle shop in Ellensburg, WA. 
Resources Needed 
A testing surface such as a table or work bench, stop watch, tools (torque wrench, chain whip, 
lockring tool, wrench, cassette lockring removal device), wheel with a mounted cassette with a 
smallest cog of 11 teeth. 
 
Chain 
 
Lockring 
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Test Procedure 
Steps: 
1. Set up a work station with the proper tools for traditional cassette removal (Cassette mounted 
to a wheel and torqued to 30 ft-lb, chain whip, cassette tool, wrench, and work bench or table 
space). 
2. With safety glasses and gloves if desired, have tester perform the task a few times as described 
in 2. a-d, to become familiar with the tools and test environment setup. 
a) With the wheel on the work surface, place the chain whip on the cassette so the chain 
whip will hold the cassette stationary when attempting to rotate the cassette in the 
counter clockwise direction. See Image Below. 
b) Index the lockring tool into the cassette lockring. 
c) While holding the chain whip, place a wrench on the lockring tool and turn the cassette 
tool in the counter clockwise direction to loosen the lockring. 
d) Continue loosening the lockring until it can be completely removed from the cassette. 
 
3. Re-torque the lockring prior to the start of the test to 30 ft-lb 
4. With the tools arranged in an organized layout that can be reproduced after each test, begin the 
test by timing the tester from start to finish how long it takes to loosen and remove the cassette 
lockring, stopping the time when the lockring is completely removed from the cassette. Record 
the time. 
5. Repeat steps 3 and 4 a minimum of three times for each tester. 
6. Set up a work station as described in step 1 but with the cassette lockring removal device 
instead of the chain whip and cassette tool. 
Chain Whip and Lockring Tool 
 
Cassette 
Lockring 
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7. Have the tester perform the task again for practice but this time by indexing the cassette 
lockring tool into the cassette lockring and then the pins of the tool in-between the teeth of the 
top cog of the cassette. After the tool is indexed properly on the cassette use the wrench to turn 
the protruding shaft in the clockwise direction to loosen and remove the lockring while holding 
the wheel stable with the other hand. 
8. Perform steps 3 through 5. 
9. After all testing is complete, have the tester give feedback about how both methods compare 
and what they do and do not like about each method. 
 
Safety 
The test is in a safe environment with only minor safety equipment required such as eye 
protection and optional gloves. 
Discussion 
Variables such as work surface height, actual available work space, and different wrench 
configurations will have an effect on the effort and ergonomics of performing the lockring 
removal task. 
 
Timed Test Results/Data 
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14: Appendix F 
 
KYLE WRIGHT 
(253)389-2357 
kylegwright@comcast.net 
108 E 18th Ave Ellensburg, WA 98926 
 
VALUE 
As a current student in the field of mechanical engineering and a history of mechanical jobs and interests, 
I have a combination of practical experience and the ability to be critical of the engineering principles at 
hand when working with machines and systems. This has taught me how to process complex problems 
and implement appropriate solutions. 
 
WORK EXPERIENCE 
Webb Powersports     Ellensburg, WA Nov 2015 - Current 
 Mechanic  
• Promoted to shop suspension specialist 
•  Assemble and perform final inspections of sold machines 
• Successfully diagnose and repair problems on machines 
The Recycle Shop     Ellensburg, WA Nov 2015 - Dec 2016 
 Bicycle Mechanic/Sales 
• Promoted to more difficult jobs and given a key to the shop before other co-workers 
• Informed customers about performance differences between component groups among multiple 
bicycles at different price points. 
• Diagnosed and determined proper repairs/modifications based on budget and timeframe. 
Lynden Transportation     Seattle, WA  Mar 2014 - Sep 2014 
 Lasher/Bander 
• Became the fastest and most consistent bander on my shift as a team with my co-worker 
• Worked around heavy machinery while being aware of my surroundings 
• Was on time everyday working five 10 hour shifts a week for entirety of employment 
 
SKILLS 
• Experience in Solid Works, CNC Programming, Machining, and Welding/Fabrication 
• Competent With Microsoft Word and Excel 
• Mechanically Inclined 
• Breadth of Experience from Customer Service to Hard Manual Labor 
• Organized 
 
EDUCATION 
Central Washington University    Ellensburg, WA Sep 2014 - Jun 2018 
  Mechanical Engineering Technologies 
Pierce College      Puyallup, WA  Sep 2013 - Mar 2014 
  Pre-Engineering 
Clover Park Technical College    Lakewood, WA  Sep 2012 - Aug 2013 
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  Studied Non-Destructive Testing 
 
VOLUNTEERING/ACTIVITIES 
• CWU Cycling President       2015/2016 Season 
• Soccer Tots Volunteer Coach      2009 - 2010 
• Mountain Biking 
• Dirt Biking 
 
